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CCMPUTATICN OF HINGE-MCMENT CHEARACTERISTICS
OF HORIZONTAL TAILS FROM SECTICN DATA

By Robert M, Crane
SUMMARY

A study of data from various wind-tunnel tests of hori-
zontal tail gurfaces was made to determine the accuracy with
which section data can be used to estimate the hinge—moment
characteristics of coatrol surfaces of finite span., The study
consisted of a comparison between the variation of elevator
hinge moments with elevator deflection and with airplane pitch—
ing moment, as estimated from data obtained in two—dimensional
flow, and that variation measured experimentally on 16 differ—
ent horizontal tails mounted on wind—tunnel models of complete
airplanes, The method used in applying section data to the
evaluation of three—dimensional characteristics is outlined,
and summary curves showing the variation of the major param—
eters with control-surface chord, balance chord, and trailing—
edge angle are prescented, It is demonstrated that the three—
dimensional hinge—~moment characteristics of tail surfaces can
be derived from existing section data with an accuracy which
is within the tolerance required in preliminary design,

INTRODUCTION

Considerable data on the characteristics of large—chord
flaps have been obtained (references 1 to 11), which establish
the effect of the major variables (flap chord, balance chord,
nose shape, nose gap, etc,) on the section aerodynamic charac—
teristics of airfoils, The quecstion has arisen on occasion,
as to the degree of accuracy with which these data can be
applied to the estimation of the characteristics of control
surfaces in three—dimensional flow, This gquestion is partic—
ularly pertinent as applied to the horizontal or vertical
tail surfaces of complete airplanes, since these surfaces

4



NACA CB Yo, 5B05 2,

(as distinguished from ailerons) are subjected to mutual
interferences, fuselage interference, and are of relatively
low aspect ratio, so that the differences caused by these
tgecondary" effects might be so large as to preclude the
use of section date for anything but the most approximate
gstimates,

In order to shgd some light on this problem, the ex—
perimentally measured hinge-moment and pitching—moment char-
acteristics of 16 diffsrent horizontal tail surfaces mounted
on complete alrplane models have been compiled and are com—
pared with charaeteristics estimated from data obtained in
two~dimengional flow, This study has taken the form of the
comparison of hinge—momént characteristics as defined by
the variation of elevator hinge mements with elevator angle,
with tail angle of nttack, and with airplane pltching moments,
The types of aerodynamic balance considered in the present
investigation include internally sealsd nose balance and un—
shrouded nose overhang balancs,

No consideration has Been givén to shielded or unsghielded
horn—type balances, The data presented have been confined to
those obtained at zere anngle® of atback of the tall, but are
typical of the range of angles of mttack encountered by a tail
in normal flight, Considerations were limited to elevator
deflections where stall is absent (characteristics remain
linear), and all the experimental data were determined in the
abgsence of operating propellers, These restrictions, however,
do not prevent application of the conclusions to the flight
conditions where the elevator gtick forces are normally most
eritical; namely, accelerated maneuvers at high speed.(where
the elevator deflections are normally small and the slipstrean
effects are negligidle),

In order to facilitate the application of section data
to control surfaces on which the important geometric variables
were different from the basic data avallable, a systematic
method of application was developed, This method and an il
lustrative example on one of the tail surfaces are outlined
in the section Method, and the results of application of this
method to 16 taill surfaces are considered in the section
Discussion,

STMBOLS

The symbols used in this paper are defined as follows:
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where

ot

airfoil section 1ift coefficient '$E>
N

airfoil 1ift coefficient Ji\
a8 /

control-surface section hinge—moment coefficient
(h/dee®)
H

elevator hinge-moment coefficient <T~—=—

1SgCq

' M
airplane pitching—moment coefficient <; >
Sw(M.A.C,)

airfoil section 1ift

alrfoll 1ift

control—surface gsectinn hinge moment

elevator hinge moment

airplane pitching moment about center of gravity

chord of ailrfoil with control surface uneutral, mean
geometric chord of horizontal tail

mean aerodynamic chord of wing

chord of control surface aft of hinge line

mean geometric chord of elevator aft of hinge line
root—mean—-square chord of elevator aft of hinge line
area of wing

area of elevator aft of hinge line

1
dynamic pressure of air strean (Epvz)

In addition to these the following symbols have been
employed:
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o angle of attack of horizontal tail or alirfoil

8 control—surface deflection with respect to the airfoil

1y elevator tail length (horizontal distance from center
e

of gravity of airplane to the center of pressure
of the tail load due to elevator deflection)

sHe horizontal tail areca affccted by the elevator
A aspect ratio of horizontal tail

0] tralling—edge angle of control surface
cy, (deq /%)

OLa (3C3/da)g

g (%a/d8)cy

Cig (Bcl/Bﬁ)a

Cn,, (ach/ba)6

Op, (0Cp/0a)

Chy (dep/ 085

Ghs (BCh/BG)m

The subscripts outside the parentheses indicate the
factors held constan* during the measurement of the parameters,

METHOD

The influence of the following fﬁctors hag been included
in the calculation of the parameters Opg, Op,, and (dCy,/

30y) .
(1) The elevator chord aft of the hinge line
(2) The elevator balance chord forward of the hinge line

(3) The elevator nose gap
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(4) The elevator nose shape

(5) The airfoil section of the horizontal tail, espe—
cially as it affects @, +the included angle between the
upper and lower surfaces at the trailing edge of the airfoil

(6) The aspect ratio of the horizontal tail

The data of references 1 to 11 are used to establish
the effects of the first five of the above variables on the
section characteristics, MPhese data were collected subse—
quently and presented in reference 12, To facilitate the
use of these section data, they have been fully corrected
for tunnel-wall effect and are presented in figures 1 %to 8
in a form suitable for the present application, In the
application of %these data the following assumptions have
been made:

(1) The variation of the section characteristics a,,
Chg and ch& with percent chord will be independent o%
the section profile, This assumption permits the variation
given in reference 1, which was determined from tests of an
NACA 0009 airfoll with various chord flaps, to be applied
to any other section profile,

(2) The hinge-moment parameter increments due to changes
in trailing-edge angle are independent of flap—chord ratio
and have the following value:

Acy

——L = 0,0050
CIGAQ

Aecn

5. = 0,0078
GISA(I)

The data of figure 2 of reference 1l have been reproduced in
figure 7 of this report in a form more suitable for the present
application, Data from additional tests on beveled control
surfaces (references 13, 14, and 15) have been included to
demonstrate the scatter of the experimental points around the
proposed correlation curve, It is obvious that all the factors
which influence the effect of the trailing—edge angle on the
hinge-moment parameters have not been included in these curves,
Since the increments in trailing—edge anglc needed in this



NACA CB No, 5B05 6

report are small (no beveled trailing—edge control surfaces
considered herein), no attempt has been made to determine =
more accurate correlation method, and an average value has
been chogen from the existing data,

(3) The hinge—moment parameters of balanced flaps vary
in the same manner with ratio of flap chord to airfoil chord
as do the parameters for plain flaps, This assumption is
made for the sake of expedience, It lacks experimental veri-
fication, but the effect of the possible error on the final
results is not large,

(4) The interference effects due to the fuselage or
vertical tail do not affect Oy, Ong, oOF (3Cy/3Cn)qe

It was assumed that there was no carry—over of 1lift over
the center section of the horizontal tail,

In the application of these section data to finite—span
control surfaces, the lifting-line theory and the assumpition
of an elliptic span loading have been used as a basis for
estimating the effect of aspect ratio on the section 1ift and
section hinge-moment characterigticeg, These assumptions
enable the parameters (da/d8)ey, (2Cp/deylg, and (dep/d8)¢y

to be treated as independent of aspect ratio and spanwise
location, No account has been taken of the variation of the
induced angle along the span due to the actual spanwise load-
ing,l and the refinements of lifting—~surface theory have not
been applied.2

1The finite—-span hinge moments for two of the represent-
ative horizontal tails considered in the present analysis have
beex computed by taking into account the aerodynamic induction
due to the actual spanwise loading, The very small increasge
in accuracy of these computations over those in which an
elliptic loading was considered did not warrant the use of
thig refinenment,

25ince the downwash actually varies along the chord, an
egrror is introduced in the calculation of the hinge moments
by lifting~-line theory because the hinge moments are a func—
tion of the distribution as well as the magnitude of the
resultant pressure, Preliminary calculations of the chord—
wise distribution of 1lift indicate an additional aspeci—ratio
correction which increases (algebraically) the hinge-moment—
coefficient slopes, This limitation of lifting—line theory
as applied to the calculation of finite—span hinge moments
has been previously reported in reference 16,
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The method of application divides itself into the
fellowing steps:

A, Computation of the effects of aserodynamic balance
1, Internal seal

(a) Estimate of parameters of plain sealed
control surfaces (figs, 1 to 4)

(b) Computation of hinge-moment increments
due to balance (fig, 5)

(c) Computation of the characteristic with
balance {(a) plus (b))

2, External overhang balance

(a) Interpolation of parameters for elevator
balance chord, nose gap and nose shape
(figs. 1 to 4)

B, Adjustment of section parameters for effect of
control—surface chord (fig, 6)

C, Adjustment of section parameters for effect of
trailing—edge angle (fig, 7)

» Application of final section parameters to three-
dimensional flow

ILLUSTRATIVE EXAMPLE

To illustrate the method, the following example has been
carried out on the elevator of the horizontal tail of airplane
A, the characteristics of which are shown in figure 9, This
horizontal tail has a 0,l12-chord—thick airfoil section for
which the trailing—edge anzle is 14,6°, The control-surface
chord ratio has a constant value of 0,40 and the elevator isg
equipped with an overhanging balance of 0,25¢g, The nose
shape of the balance closaly corresponds to the medium nose
shape of references 2 to 8 and the nose gap is 0, 005¢c,

A-2.— Characteristics of a 0,30-chord flap with a
0.25ce_medium nose balance with 0,005c gap on an NACA 0009
alrfoil,—~ Figure 1 presents the section characteristics of an
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NACA 0009 airfoil with a medium-nose profile overhanging
balance, From these data, the section parameters for an
alrfoil equipped with a 0,30-chord flap with 0,25¢, medium
nose balance with 0,005¢ gap are as follows:

ci = 0,091

(¢4

ag = —-0,56

ey, = =0.0043

B,—~ AdJjustment of section parameters for control—
surface chord.~ These values for a 0,30-chord flap are
corrected to 0,40-chord flap by the data presented in
figure 6,

clm = 0. 091
ay = 0,56 x 2272 = o 67
0.60
0. 0084
cy = —0.0048 x 12082 _ 4. 0060
o 0. 0060
epg = —~0.0078 x 2+2335 - _4 o0g7
0. 0120

O,~ Adjustment of section data for trailing-edge angle,—

To the preceding values an adjustment is made for trailing—

edge angle @, The trailing—-edge angle of the NACA 0009 air—
foil 1s 11°, while that of the subject airfoil is 14,.6°. Trom
figure 7 for a 1, of 0,091, =& c18 of 0,67 X 0,091= 0,061

and a AD of 3Z_.8°,

0,0050 x 0,091 x 3,8 0, 0017

Achd.

]

0.,0078 X 0,081 X 3.8 00,0017

Ach6
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Adjusting the previous paramcters, the section character—
istics of the horizontal tail of alrplane A are obtained,

e, = 0.091
ag = —0,67
Op, = —0.0043
Chy = —0.0070

D.— Application of the final section parameters 1o the
finite_ span,— These data are adjusted for a finite aspect

ratio by the following relationships:

C'L’
GL = p GL,
' /57,3rc,&\

'

|t

PN

(Values of p and r ore plotted in fig, 8.)

Ol
Ghd, = chd, 01a

Chg = Chg + ap (chOL - Gha)

the SH,

where V_, 1s the glevator volume and ig equal to

M. 4,C, Sy

Aoplying the section parameters to these equations, the
aerodynamnic characteristics of the horizontal tail of airplane
A are obtained:
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O, = 0,059
ag = —0,067
Cg, = —0.0028
Cpy = =0, 0060

73%hN = g.270

\ch/m

Comparison with experimental results,— This predicted

variation of O©Op with & is shown in figure 9, On the

same axis, data obtained on a 1/5—scale model of airplane A
are plotted, It is observed that the data obtained in three—
dimensional flow indicate a Gh& of —-0,0052, a deviation

from the estimated value of 00,0008,

30N
The computed value of SEE} is plotted in figure 9,
m” g
and comparison is arforded between this value and that
measured on the 1/5—scale model, A For this airplane the
difference between the computed and measured values of

<§Eh> is 0,010,
30

a

The value of Cha was not measured cxperimentally,

but it may be determined from the original data by mecans
of the following relationship:

Jo 90y (3Cp/d0L)y
where
Cr, airplane 1ift coefficient

it tail incidence
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and

( > acm } 'acm\}
\bcL/ 0017 |
tail on tail off

Applying the relationship to the data of airplane A, Gha

is found to have an experimental value of —0, 0012, The
computed value of this slope was —0,0028, a deviation of
0, 001s6.

DISCUSSION

Similar caleculations have been made on the horizontal
tail surfaces of 15 other airplanecs, The estimated and
measuresd values of Cp, and (bCh/me)m are plotted in

figures ¢ to 24, and arc tabulated in table I, All valucs
are presented at the angle of attack at which the tail is
subjected to zero 1lift (elevator undeflected) with power off,

The correlation of ¢ is very good in the majority of
hg

the cases considered, the scatter of the experimental points
about the coumputed curves being, in most instances, about
equal to normal experimental scatter, TFor 12 of the 16

tall surfaces included in the anq1y51s the difference betweon
the predicted and the measured values of Chs was between

+0,0008, This differencec is equivalent to the balance effect
of less than X8 percent ¢, nose balance on a closely balanced
elevator, The deviation of the slope in the remaining cases
was —0,0013 or less, TFor 11 of the 16 cases considered, the
computed value of Chg was too negative, indicating the

necessity of a larger correction to Chg due to aspect ratio,

Due to the nonlinearity of the relationship involved,
1t is difficult to establish an experimental value of Oh

For the cases considered, the deviation between the eXperl—
mental and the estlmatba values ranged from 00,0009 to
—0,0020, For all the airplanes except three, the computed
value of Cp, was algebraically smaller than the value

measured in the wind tunnel, Thig is in accord with +the
additional aspect—ratio correction to Chy Predicted from
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a consideration of the chordwise distribution of the resultant
pressure,

The deviation between the messured and computed wvalues
3C

of «—é\
o0y a

wvas less than 0,060 in 12 of the 15 cases coh—

sidered and, with a single exception, was less than 0,079 in
the remaining cases, In the single case where a very marked
difference exigts between the measured and computed values
(airplane N), the cause 1s the exceptionally low elevator
effectiveness (3C,/d8,) determined experimentally, In five
of the fifteen cases, a better correspondence would have

been obtained if some carry—over of 1ift had been assumed
across the fuselage, However, the other 10 cases indicate:
that the assumption of no-1lift carry—over gives the best
average results, It would appear that Gh6 can be predicted

with greater accuracy than can (ach/bcm)a.

In order to estimate the magnitude of the error which
would result from the use of these estimated hinge—moment
data in the calculation of airplane stick forces in acceler—
ated flight, computations have been made of the stick force
per g on a typical pursuit airplane due to the discrepancy
between the calculated and the experimental values of the
hinge—-mement parameters, The equations used in this analysis
and the assumed airplane characteristics are indicated in
the appendix, These airplane characteristics are belleved
typical for a modern high—-speed airplane having a span of
approximately 42 feet and a gross weight of 10,000 pounds,
Results of these calculations are listed in table I, TFor
nine of the fifteen horizontal tails considered in the analy—
sis, the stick force por g due to the difference between
the estimated and the measured hinge—moment slopes was less
than 4 pounds, The stick force per g in the remaining
cases voriecd from 5,3 to 16.4. In all cases except seven,
the stick force per g would have been underestimated by
using the computed hinge—moment data,

In the application of these data to a full—scale airplane,
a very important variable exists for which few data are avail-
able, namely, the effect of Mach number, All the data presented
herein hove been obtained at a Mach number of less than 0,2,
Tests made at high speeds have indicated Mach number effects
on ize hinge—moment parameters which are a function of several
variables, Among these variables are the trailing—edge angle



NACA CB No, B5BO5 13

of the control surface, the amount of nose overhang, the
profile of the nose balance, and the nose—balance gap, In
most cases, increasing Mach number tends to increase alge—
braically both Cha and Cha'

This overbalancing effect of Mach number on ch5 in—

creases with inereasing trailing-edge angle, with increasing
nose overhang, and with increasing nose—~balance bluntness,
In one cagse of a beveled tralling-edge control surface
(®=23°) with & 0,35¢c, unsealed nose balance, increasing
the Mach number frow 0,2 to 0,8 resulted in a ACh8 of

0,0065, Another example is that of a normal-profile elevator
O“* 130) with a 0,40c, blunt—nose balance for which the in—
crease in Cpg due to increasing Mach number from 0,2 %o

0.8 amounted %o 0,0035,

A need exists for a systematic investigation of the
effects of Mach number on control-surface hinge moments,
Examinntion of data which are available indicates that the
least Mach number effect can be expected for control surfaces
which are not bulged or beveled and have either no balance
or a sealed internal balance,

CONCLUDING REMARKS

It 1s concluded from the foregoing comparisons that
the hinge—moment characteristics of tail surfaces can be
derived from existing section data with an accuracy well
within the %tolerance required in preliminary design, It is
acknowledged that the effect of other factors, such as fabrie
distortion and high Mach number, may influence to a large
extent the final airplane stick forces,

The utilization of lifting-line theory introduces an
error in the application of section hinge-moment data to
finite—span control surfaces, A4n additional aspect—ratio
correction to the hinge moments due to the chordwise digtri-
bution of downwash is indicated, This correction will tend
to increase (algebraically) the elevator hinge moments, thus
increasing the accuracy to which finite—span hln&e~moment
charqcterlstlcs may be predicted from section data,

Ames Aeronautical Laboratory,
National Advisory Commlttee for Aeronautics,
Moffett Field, Calif,, Oct. 9, 1944,
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APPENDIX

The following equation has been developed to define
the variation of elevator stick force with normal accelera—
tion for an airplane in steady turning flight:

£ [ f73cn 30K\ (30g/361)6 \
ar = 5 {20, (3Ch , .

+ 2,192 <¥f:3> lpo (2%8Y ach) (acm/Bit)a.} ]
: 5 ) S, T\ TRe ey, 4 S

where all symbols have been previously defined except

f elevator stick force

1w wing loading, pounds per square foot

n normal acceleration

iy horizontal tail length (distance from airplane
center of gravity to center of pressure of
horizontal tail)

o density ratio, £

Po
CL and o refer to the airplane

The following values of the above variables have been
assumed as typical for a modern pursuit alirplane:

Gﬁﬁ/ = ~0,16
o6

Ly

©%m\ L o, 016

26,/

GCL
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Applying the above values, the stick force required to

attain a 2g normal acceleration in steady turning flight
may be written as

£ = 5350 200 _ goao 2Ch
oig 08
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TABLE I

CO#PARISON OF CALCULATED AND EXPERIMENT

AT, ETNGE-MOMENT PARAMETERS

, —
Chg Chq, (a0, /oC,)q i .
Aifplane Calcu~ Experi- | Calcu~ |Experi- | Calcu~ | Experi- AG, 1 AGy, 2 i ACy Af
fodel lated mental lated | .mental lated mental 5 o ?sza
i
. ~0.0060 . | ~0.00%52 | ~0.0028 1-0.0012 0.270 ! 0.280 -0.0008 | -0.0016 §~0,01o ~1.4
B ~,0061 -.0060 ~.0019 | ~, 0024 «296 | -256 ~.0001 »0005 ~OU0 3.5
C -,0031 ~,0018 ~,001% | ~.0023 +150 071 ~.0013 j 0009 ! .079 | 16.4
D ~.0051 -.0038 ~002C{ 0 .213 .200 ~-0013 § ~s0020 | 013 .0
B —a002)% - ~.0016 | ~.0009 | -.0002 119 +085 -.0008 i ~.0007 O34 1 3.3
¥ ~.0027 -.0029 ~.0010 | ~.0010 .152 .160 L0002 | © -.008 | -1.8
G ~o 002} ~.0024 | ~,0009 | -.0006 -130 .130 0 ! ~.0003 | O 1.6
H ~. 0054 «c0043 | «,0021 | ~.00L0 | .303% 270 20011 | -,0011 | <033 ] 3.9
J --.00k9 ~.0036 -,0018 | -..0008 «280 -24R —-.0013 ~o0010 .035 6.2
X —, 0094 -, 0086 ~.0043 | ...0026 =360 j - 305 —-.0008 ~a0017 2055 | ~1.9
L -,0050 -0 0054 -.0010 | -~.0002 .30k » 36k . « 0004 ~,0008 | —~,060 | ~7.9
¥ -.002% | -,0032 ~,0002 | O <13k -200 .0008 ~.0002 | --.066 8.2
N ~00066 -2 0063 -+ 0007 .0008 <306 -500 —~-0003% ~.0015 | ~.194 | -5.3
0 .0002 »0002 0008 .0007 | ~,008 0 0 -,0001 | ~.008 <5
P 0025 .0032 i — | ~,103 -.130 =e0007 |~ 2027 | e
Q —-,0011 ~.0010 ~.0019 | —.0005 -.0001 Q013 | e ~6.1

and

iCalculated value of slope minus experimental value of slope.
®Stick force per g of normal accelerntion due to ACp, and ACpg, Af=5350 ACy  -89U0 ACpg
NOTE.— Wnen Alpg

‘oON €0 TOVN

8049

[
(0]

Alp, possess the same algebraic siga, the stick forces due to the hinge-
moment increwents are commensabtive.
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